Background: In hypertrophic and/or very ptotic breasts, skin-reducing mastectomy (SRM) is challenging and the risk of complications is high. Few publications have reported the use of an autologous latissimus dorsi flap (ALDF) in this indication. Most studies opt for implant reconstructions, with a high failure rate. Objectives: We aimed to identify and present the technical refinements that reduce the risk of reconstruction failure in patients with hypertrophic and/or ptotic breasts with breast cancer or at risk of breast cancer after SRM with immediate breast reconstruction (IBR) utilizing an ALDF. Methods: Our retrospective study, covering a period of 18 years, included a series of 60 patients with hypertrophic and/or ptotic breasts who underwent 67 SRM and IBR procedures utilizing an ALDF. The complications were recorded and the risk factors analyzed. Results: Sixty-seven SRMs were reviewed. Forty-nine procedures were performed with an inverted-T scar technique and 18 with a vertical scar technique. The nipple-areola complex (NAC) was preserved in 10 cases. There were eight (11.9%) cases of minor mastectomy flap necrosis after skin-reducing reconstructions, 16 (23.8%) wound dehiscences, no infections, no breast seromas, and no reconstruction failures. Smoking increased the risk of minor mastectomy flap necrosis (P = 0.048) and wound dehiscence (P = 0.002). Previous radiotherapy was associated with minor mastectomy flap necrosis (P = 0.001). Conclusions: The use of an ALDF together with technical refinements that preserve the vascular supply of the skin envelope leads to successful IBR with consistently good aesthetic results. Above all, it avoids failure of the reconstruction in very large or ptotic breasts.
Since the 1990s, skin-sparing mastectomies (SSMs) have been increasingly utilized because of the better aesthetic results achieved through SSMs than classic mastectomies 1 in the setting of immediate breast reconstructions (IBRs). If the breasts are hypertrophic and very ptotic, 1,2 skin-reducing mastectomy (SRM) is challenging and carries a high risk of complications. In this context, most authors carry out reduction of the skin envelope at the same time as mastectomy, with reconstruction by implant. [3] [4] [5] [6] [7] [8] [9] A previously published series shows a major risk of implant exposure and reconstruction failure caused by skin flap necrosis, which may be as high as 26%. 10 For this reason, some authors have preferred to combine SRM with autologous reconstructions utilizing free or pedicle flaps to secure the reconstruction if skin necrosis occurs. [11] [12] [13] The use of a pedicled latissimus dorsi flap in this indication has been reported in only three papers, in a small series of patients. [14] [15] [16] The aim of this work is to study a homogeneous and consecutive series of patients with hypertrophic and ptotic breasts who underwent SRM with IBR utilizing an autologous latissimus dorsi flap (ALDF). In this series of 67 reconstructions, we present the technical refinements for a safer postoperative course and a significantly reduced risk of reconstruction failure.
METHODS

Patient Series
We carried out a retrospective study covering a period of 18 years (May 1997 to November 2015) that included a consecutive series of IBR with SRM and ALDF for women who presented with breast ptosis and/or hypertrophy that required repositioning of the nipple-areola complex (NAC) and/or management of excess skin. The included reconstructions were selected among the 600 reconstructions with an ALDF and a total of 1200 IBRs carried out by two surgeons (E.D. and G.T.) in the same institution and during the same period. The included cases represented difficult cases, often addressed by other plastic surgeons, because of the high risk of complications that they did not want to support in their private practice.
The sociodemographic and medical data of the patients were collected. We also recorded postoperative complications (mastectomy flap necrosis, wound dehiscence, infection, breast seroma, hematoma, areolar necrosis), surgical revision rate, and local recurrence rate.
Subgroup analysis was carried out according to the SRM design (vertical or inverted-T scar) and the preservation or excision of the NAC.
Descriptive statistical analysis and risk factor analysis were performed utilizing IBM SPSS Statistics version 20.0 software (IBM Corp., Armonk, NY). We utilized the chisquare test (or Fisher's exact test, when appropriate) for qualitative variables and the t test for quantitative variables. First-order risk was set at 5%.
This study followed the Declaration of Helsinki on medical protocol and ethics. Written informed consent was acquired from all the included patients.
Preoperative Planning
Patients were monitored by a multidisciplinary team in our institution for breast cancer or a genetic predisposition for breast cancer.
At their first visit, all women had a full medical examination. Clinical examination of the breast was also carried out to assess skin thickness and trophicity. Latissimus dorsi muscle function was checked by the forced adduction test.
When the breast was ptotic or hypertrophic and required reduction of the skin envelope with a high risk of necrosis, we opted for reconstruction utilizing an ALDF 17 to secure the reconstructed breast in the event of damage to the skin envelope. Patients were given detailed explanations on the procedure, including explanations on the location of scars, possibility of NAC preservation, types of postoperative care and rehabilitation, and potential risks of complications. Smokers were strongly advised to cease tobacco use for one month before and after the procedure.
Preoperative Markings
Preoperative markings were carried out with the patient standing. In patients with grade 1 to 2 ptosis (mild to moderate, according to the modified Regnault ptosis scale) and a cup-size C or smaller, a design with periareolar and vertical scars was drawn. In patients with grade 3 to 4 ptosis (advanced to severe) and a cup-size larger than C, a mammaplasty design with periareolar and inverted-T scars was drawn.
The tip of the future NAC was placed above the projection of the inframammary fold. The design was similar to that of the inverted-T pattern utilized for breast reduction. The outline of the ALDF was then marked. 17, 18 When the NAC was not preserved, a skin paddle of the flap was utilized to reconstruct it during the same procedure. 19 When the NAC was preserved, the skin paddle was de-epithelialized and buried. The subcutaneous veins visible between the two vertical lines of the inverted-T pattern were identified and marked so that they could be spared as much as possible.
Surgical Procedure
The patient was placed in a lateral decubitus position throughout the procedure. Mastectomy and reduction of the skin envelope was done first. De-epithelialization around the areola, of the inverted T, and of the vertical incision was carried out according to preoperative markings. A single vertical incision of the dermis was made at the level of the de-epithelialized area of the NAC-toinframammary fold segment, usually midway between the two vertical branches of the Wise pattern ( Figure 1 ). This incision respected the main subcutaneous veins that had been identified preoperatively. It not only provided a wide approach for mastectomy but also preserved the vascular supply of the skin envelope by sparing the subcutaneous veins. If the NAC was preserved, the incision of the dermis began 2 cm below the NAC and was continued vertically up to the lower third of the NAC-to-inframammary fold segment. If the NAC was excised, the incision of the dermis was periareolar with a vertical incision at 6 o'clock. The NAC was reconstructed at the same time with the skin paddle of the ALDF (Figure 2 ).
In the second stage, the ALDF was raised according to the technique described by Delay. 17, 18 After harvest, it was passed through a high axillary tunnel to the mastectomy site. The tendon of the latissimus dorsi muscle was fixed to the pectoralis major at the anterior axillary pillar. The lateral, medial, and lower borders of the breast were redefined utilizing resorbable sutures between the mastectomy flap and pectoralis major. The breast skin was closed in two planes with 3/0 resorbable sutures. A suction drain was placed in the mastectomy pocket. The dorsal region was carefully closed by quilting suture over a suction drain. 20 
Postoperative Care
In the absence of complications, patients were released on postoperative day 4. Compression stockings were worn for 2 weeks. Physiotherapy of the shoulder on the reconstructed side was started on day 1. After healing, patients were encouraged to swim and do physical therapy in a pool. After 2 months, one or several lipomodeling sessions, depending on the final desired size of the reconstructed breast, were carried out to complete the reconstruction. 21, 22 
RESULTS
Sixty-seven SRMs in 60 female patients were reviewed (Tables 1 and 2 The mean mastectomy specimen weight was 617.87 g (range, 149-1800 g). Mean follow-up after surgery was 91.43 months (range, 7 years-7 months). Eight women (11.9%) were active smokers at the time of surgery, despite advice to abstain. Breast size was B in five reconstructions (7.4%), C in 13 (19.4%), D in 22 (32.8%), DD in 10 (14.9%), DDD in five (7.4%), and G in six reconstructions (8.9%). The grade of ptosis was 1 in one case (1.4%), 2 in 21 (31.3%), 3 in 30 (44.7%) and 4 in nine cases (13.4%). Twenty-six (39%) mastectomies were prophylactic. The 41 curative mastectomies were performed for 28 ductal carcinomas in situ (DCIS), six invasive lobular carcinomas, three mixed carcinomas (invasive ductal carcinoma + ductal carcinoma in situ), one lobular carcinoma in situ, one invasive ductal carcinoma, one mucinous carcinoma, and one recurrent papillomatosis (Table 3 ). Nine patients (13.4%) had had radiotherapy on the breast before surgery, 29 (43.2%) had a lumpectomy before undergoing an SRM, 10 (14.9%) had axillary lymph node dissection (ALND), and 24 patients (35.8%) had sentinel lymph node dissection (SLND) at the time of the mastectomy. Three patients (4.4%) had had chemotherapy in the year before surgery, and seven (10.4%) had had hormonal therapy.
Forty-nine SRMs were performed with an inverted-T design ( The inverted-T group and vertical-pattern groups differed by grade of ptosis (P < 0.001), BMI (P = 0.021), weight of resected tissue (P = 0.001), and duration of follow-up (P < 0.001). The NAC preservation group differed from the excision group by women's age (P = 0.012), A B duration of follow-up (P < 0.01), prophylactic indication of surgery (P < 0.001), and performance of sentinel lymph node dissection (P = 0.01).
After the skin-reducing reconstructions, there were eight cases (11.9%) of minor mastectomy flap necrosis, 16 (23.8%) wound dehiscences, no infections, and no breast seromas (Table 4) . Surgical revision for complication (hematoma) was required for one patient (1.5%). Among curative mastectomies, only one woman (2.4%) had a local recurrence of breast cancer during the follow-up. This patient also presented with extensive permeation nodules. She is currently receiving hormonal treatment before secondary surgical excision according to her response to this treatment.
When the inverted-T technique was utilized, minor mastectomy flap necrosis occurred in 14.2% of cases and minor wound dehiscence in 28.5%, mainly at the junction of the inverted T. When the vertical scar technique was utilized, the incidence of minor mastectomy flap necrosis was 5.5% and minor wound dehiscence 11.1%. Techniques with NAC excision resulted in 8.7% minor mastectomy flap necrosis and 17.5% wound dehiscence. Techniques with NAC preservation resulted in 30% minor mastectomy flap necrosis, 60% wound dehiscence, and 20% (two patients) NAC necrosis.
A statistically significant association was found between smoking status and minor mastectomy flap necrosis (P = 0.048) ( Table 5 ). An association was also found between smoking status and wound dehiscence (P = 0.002). Previous radiotherapy was significantly associated with minor mastectomy flap necrosis (P = 0.001).
DISCUSSION
SRMs on hypertrophic and very ptotic breasts carry a high risk of complications. 1, 2 Techniques must be adapted to the severity of ptosis and breast volume. When implant reconstruction is chosen, necrosis of the mastectomy skin flaps can be as high as 26%, 10 jeopardizing the whole treatment project. Everything possible must be done to lower the risk of failure, which is a source of distressing experience for both patient and surgeon.
Skin-Sparing Versus Skin-Reducing Mastectomy
Only one study has compared the rates of cutaneous complications after SSM and SRM in women with ptotic and/or hypertrophic breasts. 6 This study found a hazard ratio in favor of SRM. However, the difference was not significant and the study had numerous limitations.
Schneider et al 11 did not necessarily reduce the skin envelope in their series of nipple-sparing mastectomies (NSMs) to reduce the complexity of the procedure and preserve the vascular supply of the NAC. Their rate of areolar necrosis was 5%, which is similar to that of other studies, 8 and the increased length of the skin flap did not result in an increased risk of NAC necrosis.
Roostaeian et al 23 did not reduce the skin envelope in women with a D-cup breast size or larger, or with grade 2 or more ptosis. Nine of these patients, however, required surgical revision, mainly for the excision of excess skin.
The majority of authors opt for SRM. [24] [25] [26] Some consider that decreasing the length of the skin flap also reduces the risk of necrosis. 24 From an aesthetic viewpoint, SRM gives a better result by immediately reshaping the breast. 6
Skin-Reducing Mastectomy Techniques
Various SRM techniques have been described: inverted-T pattern, 16, 26 vertical technique (Lejour technique), 27 and Passot button-hole technique. 28 Lin et al 29 found fewer cutaneous complications in patients who had undergone the vertical technique (Lejour technique) than with the inverted-T technique (P < 0.001), which corresponds to our observations. In our center, SRM was performed utilizing only the inverted-T and vertical scar techniques. In both cases, the skin envelope was managed in a single stage. All patients wished to take advantage of surgery to improve the shape and volume of their breasts, which they considered too ptotic or too large. The mastopexy enabled us to obtain skin envelopes that were appropriate for the volume of the ALDF, and closure was always carried out without tension. At completion of these reconstructions, there was no secondary resection of excess skin.
Complications and Indications of the Inverted-T or Vertical Pattern in SkinReducing Mastectomy
In the literature, the use of an inverted-T pattern carries a higher risk of necrosis, mainly at the T junction. In a review of the literature on skin envelope reductions with the inverted-T pattern, Rinker and Thornton 24 showed that the rate of skin flap necrosis ranged from 10% to 52% depending on the study. However, the maximum rate of 52% reported by Di Candia et al 16 is overestimated, because this study also included cases of dehiscence and delayed healing. A cutaneous flap necrosis rate of 26% has been reported in the literature. 10 Fewer complications have been reported with the vertical scar technique. 30 Some authors therefore exclusively choose vertical mastopexy, whatever the grade of ptosis or degree of hypertrophy. 29, 31 The results of our series support this choice. However, it should be noted that the two groups of patients in our series were not comparable in terms of BMI (P = 0.021), grade of ptosis (P < 0.001), or weight of the mastectomy specimen (P = 0.001). It was therefore not possible to carry out statistical comparisons between the two techniques or to show the superiority of one technique over the other. Although our choice to carry out a vertical incision as first-line choice to limit complications, 29 an inverted-T incision was necessary to obtain a satisfactory aesthetic result because of the morphology of some patients. In our experience, a vertical incision was sufficient for patients with grade 1 or 2 ptosis and a large mastectomy volume, whereas a short inverted-T scar incision was necessary in major ptosis and very large breasts.
The complication rate was high when the NAC was preserved (20% of areolar necrosis and 30% of necrosis restricted to the mastectomy flap). However, this result should be interpreted with caution, because this subgroup was small (10 patients) and two of these patients had major risk factors (smoking habit and previous radiotherapy).
Risk Factors for Complications
Smoking increased the risk of skin flap necrosis (P = 0.048) and wound dehiscence (P = 0.002). The first association was weaker probably because of a lack of power of the study, because only 8 patients presented with a skin flap necrosis. Both associations confirm the data reported in the literature. 6, 32, 33 Preoperative radiotherapy also increases the risk of skin flap necrosis (P = 0.001), an association previously demonstrated by Frederick et al. 34 When both risk factors are present, the risk of complications is very high.
The literature reports other risk factors for postoperative complications: mastectomy specimen weight, 16 associated axillary dissection, 16 BMI > 35, 32 diabetes, 35 a thin mastectomy flap, 35 the use of a permanent implant rather than an expander, 32 and an implant of more than 468 g. 33 
Technical Refinements and Vascular Safety
To improve vascular safety in SRM, a vertical incision should be preferred when possible, because by definition this avoids the angles of the T, which is where complications mainly occur. In cases in which an inverted T is unavoidable, 6,9,36 some technical refinements can be utilized to improve the vascular supply of the skin flaps and reduce complications. One technique reported in the literature consists of de-epithelializing the NAC-to-inframammary segment of the inverted-T pattern instead of excising it completely, and leaving it pedicled to the inframammary fold. 25, 37, 38 This dermoglandular flap with an inferior pedicle is then utilized to cover the lower pole in implant reconstructions. 3, 7, 10, 26, 27, 35, 39 Our technique consists of de-epithelialization of the whole of the inverted-T pattern without performing incisions of the dermis at the two vertical branches of the pattern. This technique seems similar to that utilized by Bayram et al. 40 In our practice, we carry out only a single vertical incision of the dermis, sparing the main subcutaneous veins in the de-epithelialized segment. In this way, we avoid creating vulnerable devascularized angles and we preserve as much as possible the anastomotic subcutaneous networks of the breast.
Oncological Safety
In this series, we preserved the NAC in preventive mastectomies only. In the curative mastectomies, we always sacrificed the NAC for oncologic safety. SSM is actually considered a safe surgical and oncological procedure that does not lead to an increase in local recurrence compared with classic mastectomies. 41 The recent National Comprehensive Cancer Network (NCCN) guidelines, 42 which are based on retrospective studies only, support NAC preservation in these situations: early stage cancer, biologically favorable tumors, and invasive cancer or DCIS that are peripherally located in the breast (> 2 cm from nipple). However, very extensive DCIS are the cancers with the highest rate of NAC invasion. 43 The only work devoted to conservation of the NAC specifically in DCIS included only 41 patients with a 7-year follow-up, 44 and it found a recurrence rate of 5%, which was higher than the rate of approximately 3% found in SSM. 45 In our series, the majority of the patients who underwent curative mastectomies were suffering from DCIS (n = 31/41) that was often extensive, making NAC preservation risky. Limited DCIS was generally treated with conservative surgery and oncoplasty. Some recent studies have shown that NAC involvement is not a rare event, and is strongly associated with tumor location or tumor size. 46 They recommend to be cautionary in large tumors, 46 tumors within 2 cm of the nipple, extensive DCIS, and multicentric and/or clinically node-positive disease. 47 The 10 patients in our series who suffered from mammary tumors other than DCIS had either large tumors or tumors close to the NAC (< 2 cm), or they received mastectomies before 2005, when the gold standard was not in favor of NAC preservation. In our study, we observed a local recurrence rate of 2.4%, which is similar to that found in the literature.
Value of the Autologous Latissimus Dorsi Flap in Skin-Reducing Mastectomy
During SRM, exposure of the implant often leads to its removal and failure of the immediate reconstruction. The Missing data 6
Type of cancer (curative mastectomies, n = 41)
In situ ductal carcinoma 28
Invasive lobular carcinoma 6
Invasive ductal carcinoma + in situ ductal carcinoma 3
In situ lobular carcinoma 1
Invasive ductal carcinoma 1
Mucinous carcinoma 1
Recurrent papillomatosis 1 *According to the modified Regnault ptosis scale: 1. Mild ptosis; 2. Moderate ptosis; 3. Advanced ptosis; 4. Severe ptosis.
literature reports an exposure rate that may be as high as 17%. 34 These failures lead to conversion to an autologous flap or to abstention from any further attempt at reconstruction. During free-flap reconstruction in SRM, the risk of flap failure (2% to 5%) 48 is added to the risk of cutaneous complications. Our team prefers to utilize an ALDF, which secures the reconstruction. We experienced no failures. When a cutaneous complication occurred, we were able to manage healing by primary intention in the office, and no revision surgery was necessary. Because the majority of our patients were treated for carcinomas in situ or had preventive mastectomies, without the need for adjuvant treatment, this did not lead to any reduction of the patient's chance of a good outcome. The use of an ALDF also avoided the occurrence of complications such as breast seroma or breast site infection.
The ALDF is now considered by our team as a veritable matrix for fat transfer, which makes it possible to carry out lipomodeling on demand. 22 Two months after SRM, one or two sessions were carried out to obtain a breast of appropriate shape and volume. Unlike implant reconstructions, the long-term result has a natural shape and consistency in harmony with the patient's morphology. The natural shape of the breast is better recreated and reconstruction is definitive, with there being no need to consider a change of implant. Reconstructions with ALDF, such as those that we perform, allow the restoration of very important breast volumes, even when the mastectomy weight exceeds 1200 g. However, it is rarely a request of the patients, who usually prefer a reduction of the breast volume. More specifically, thin patients usually require a significant reduction in breast volume, to make it consistent with their silhouette. In addition, in cases in which complementary radiotherapy was required, the long-term aesthetic result was not affected (Supplemental Figure 4) . Latissimus dorsi flaps seem to have good long-term tolerance of radiotherapy. 49 However, this is not the case with implants, because radiotherapy increases the risk of capsular contracture. 50 Some authors have criticized the latissimus dorsi flap because of its harvesting sequelae on the back. Our patients were little or not at all affected by the functional impact of the flap harvesting, because appropriate postoperative physiotherapy enabled them to recover well. Other authors had already shown that flap harvesting had low morbidity. 51, 52 The frequency of dorsal seroma, which is the main drawback of an ALDF, 17 was drastically reduced by meticulous quilt suturing, 20 which is now carried out with barbed sutures. This evolution has led us from a rate of 60% of dorsal seroma before quilting sutures to a rate of 20% after performing quilting sutures and one to two dorsal punctures. Dorsal dysesthesia or any irregularities of the skin after the flap raising can also be treated by lipomodeling. Finally, for some years now, we have reduced the size of the dorsal scar for flap raising by utilizing a short scar latissimus dorsi (SSLD) flap. This short scar does not extend beyond the posterior edge of the arm when the arm hangs naturally alongside the body, and it is very discreet, because it lies in a natural fold.
Limitations of the Study
The main limitation of this study is the lack of a control group, which occurred as a result of a recruitment bias. Indeed, the majority of the included cases were operated by a single surgeon (E.D.) who received difficult cases Local recurrence of breast cancer* 2.4% (n = 1) 2% (n = 1) 0% 2.4% (n = 1) 0%
NAC, nipple-areola complex. *The rate of local recurrence was calculated on the curative mastectomies only (n = 41). from other plastic surgeons who did not wish to treat these high-risk cases in their private practice. As a consequence, there was an inevitable selection bias that impacted sociodemographic and medical features of the included patients. However, it is interesting to see that, when comparing the average BMI and mastectomy weight in our study to those in other articles dealing with SRM, we did not find an obvious difference. Losken et al 3 reported an average weight of mastectomy of 502 g and Santanelli 33 of 681 g. The same remark can be made for the BMI. 11, 31, 35, 36, 38 Although these characteristics were similar, our wound dehiscence and mastectomy flap necrosis rates are difficult to compare to those reported in the literature, because ranks of ptosis and breast volumes differ among studies and are rarely described accurately and stratified. 9, 30 
CONCLUSIONS
When performing SSM, the surgeon must adapt the cutaneous design to the skin excess by preferring the periareolar and vertical incision if this is sufficient, and reserving the inverted-T pattern for major excesses of skin. In such situations, the major risk is necrosis of the skin envelope, which can be significantly reduced by de-epithelialization of the residual envelope. This preserves the subcutaneous anastomotic network of the breast, which is an important element in the vascular supply of the skin envelope.
In these difficult and at-risk cases, an ALDF ensures successful breast reconstruction, yielding almost constantly satisfactory aesthetic results. Above all, the breast reconstruction does not fail if the patient complies with the entirely acceptable postoperative restrictions. We propose the use of this treatment protocol for the benefit of future patients who require mastectomy and IBR and who have major breast hypertrophy.
